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(54) Apparatus and methods for eompleting a wdlbors 



(57) Apparatus and methods lor completing a wen- 
bore are disdoeed. Certain oT the appaiatue and meth- 
ods use a first paclung assembly (202), a second pack- 
ing assembly (204), and a prassurization assembly 
(206) disposed between the first and second packing 
assemblies to pl88lfealtydeformailner(122)lnaiaKfialV 
outward directkm via hydraulk: pressure. Another meth- 
od uses a Hner (602) having a fiiBt eectksn (604) and a 
second sectkm (606). and a packing assembly (600). 
The ftrstsectksn (604) is d^prrnableinaradiany outward 
directkxi at a k>wer pressure than the second sedksn 
(606). The packing assembly (600) is used to plastk^Uy 
def omi the first sectkxi (604) of the liner (602) in a radi- 
ally outward direction via hydraul» pressure. 
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DMCfi^tton 

(0001) Tho present invention pertains to the oomple- 
tion or wellbofes. and. more particularty, but not by way 
of limitation, to impioved apparatus and methods for 
completing lateral wettbores in multilateral wells. 
[0002] Horizontal wall drilling and production have be- 
come increasingly important lo the oS industry in recent 
years. While horizontal weOs have been known lor many 
yean, only reialivaty recently have such wells been de* 
temwted to be a cost-effective alternative to convention- 
al vertical well drilling. Although driDing a horizontal weO 
usually costs more than Its vertical counterpart, a hori- 
zontal well frequently improves production by a factor of 
five. ten. or even twenty in naturally-fractured reser- 
voirs. Generally, projected productivity from a horizontai 
weObore must triple that of a vertical wettxxe for hori- 
zontal drttltng to be economical. This increased produc- 
tion minimizes ttw number of plaffomis. cutting Invest- 
ment, and operation coels. Horizontal drilling makes 
resen^nrs in urban areas, permafrost zones, and deep 
offshore waters more accessble. Other applk:atk)ns for 
horizontal wellbores include periphery wells, thin reser- 
voirs that woukS require too many vertical wellbores. and 
reservoirs with coning problems in which a horizontal 
wellbore kMvers the drawdown per loot of resenN>ir ex- 
posed to stow down coning problems. 
[0003] Some weibores contain multiple welbores ex- 
tending laterally from the main wellbore. These additkxi- 
al lateral weHbores are sometimes referred to as drain- 
holes, and rr^n weSbores containing more than one lat- 
eral welbore are referred to as nmiltPatefal wells. Multi- 
lateral wells aHow an increase in the amount and rate of 
pfoductbn by increasing the surface area of the well- 
bore in contact with the reservoir. Thus, multilateral 
wells are becoming Increasingly Important, both from 
the standpoint of new drilling operatkans and from the 
rewortcing of existing wellbores, including remedial and 
stimulatkxi worie 

[0004] As a result of the foregoing increased depend- 
ence on and importance of horizontal wells, horizontal 
wen oompletk)n. and partcularly multilateral well oom- 
pletkm. have been important concerns and continue to 
piovkle a host of diffk^ull problems to overcome. Uteral 
completion, paitksularty at the junctton between the main 
and lateral weDbores, is extremely important to avokl 
collapse of the wellbora in unconsolidated or weakly 
oonsolklated formations. Thus, open hole completions 
are limited to competent lock fomwtions; and, even 
thea open hole completksns are inadequate since there 
is limited control or ability to access (or reenter the lat- 
eral) or to isolate productkm zones within the welbore. 
Coupled with this need to complete lateral weibores is 
the growing desire to maintain the lateral weltoore size 
8$ ctose as possble to the size of the primary veitfeal 
wellbore for ease of drilling, completion, and future 
workover. 

[0005] The problem of lateral wellbore (and particu- 



larty nujltilateral wellbore) completk)n has been recog- 
nized for many years, as reflected in the patent litera- 
ture. For exarrtple. U.S. Patent No. 4.807.704 discloses 
a system for completing multiple lateral wellbores using 

5 a dual packer and a deflective gukfe member U.S. Pat- 
ent No. 2.797.893 disckises a method for completing lat- 
eral welts using a flexible liner and deflecting tool. U.S. 
Patent No. 2.397.070 similariy describes lateral well- 
bore oompletkm using flexible casing together with a 

10 ctoeure shioM for ctosing off the lateral. In U.S. Patent 
No. 2.8S8.107. a removable whipstock assembly pro- 
vides a means for locating (e.g. accessing) a lateral sub- 
sequent to comptetkjn thereof. U.S. Patent Nos. 
4.396.075: 4.415.205; 4.444.276; and 4.573.541 all re- 

is late generaBy to methods and devices for muRilalerBl 
corT«>letk)ns using a template or tube gukle head. Other 
patents of general Interest in the fieU of hoftzor^ well 
completkin inchide U.S. Patent Noa. 2.452.920 and 
4.402.551. 

20 [0006] More recently. U.S. Patent Noa. 5.318.122; 
5.35a876; 5.388.648; and 5,520.252 have disctosed 
methods and apparatus lor sealing the juncture be- 
tween a vertical well and one or more horizontal wetts. 
In addition. U.S. Patent Ho, 5.564,503 dtscloees several 

2S methods and systems for drilling and conflating multi- 
lateral wells. Furthermore. U.S. Patent Nos. 5.566,763 
and 5.613.559 both disckise decentralizing, centraliz- 
ing, locating, and orienting apparatus and nwthods for 
multilateral weO drilling and completion. 

30 [0007] Notwithstanding the above-described efforts 
toward obtaining cost-effective and workable lateral well 
drilling and completcns. a need stiD exists for Improved 
apparatus and methods kx completing lateral well- 
bores. Toward this end. there also remains a need to 

ss increase the eoorxjmy in lateral welbore complettons. 
such as. for example, by minimizing the number ol 
downhole trips necessary to drSt and corrplete a lateral 
wellbore. 

[0008] The inventk)n relates to apparatus and meth- 
od ode for completing a wellbore. In one preferred embod- 
ffnent the apparatus and methods use a first packing as- 
sembly, a second packirtg assembly, and a pressuriza- 
tkxi assembly disposed t>etween the first arxj second 
packing assemblies to ptastk»lly deform a liner in a ra- 
4S dially outward directkm via hydraulic pressure. Another 
preferred embodiment uses a liner having a first sectkyi 
and a second sectton. and a packing assembly. The first 
sectton is deformable in a radiaBy outward direction at 
a tower pressure than the second sectksn. The packing 
so assembly is used to plastk:ally deform the first sectnn 
of the liner in a radially outward directkm via hydraulk: 
pressure. 

(0000) One aspect of the present inventton comprises 
aoonpletion apparatus for coupling to a work suing and 
ss lor use within a Hner of a welbore. The completkyi ap- 
paratus includes a first packirtg assembly for creating a 
nukl tight seal against a liner in a wellbore; a second 
packing assembly for creating a second fluto tight seal 
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against the liner; and a preeeurization asseoibly dis- 
poeed betwaen the first and second pactdng assem- 
blies. 

[0010] In another aspect the present invention com- 
prises a method of completing a weilbore. A liner is dis- 
posed in a weDbore. A first packing assembly, a pres- 
surization assembly, and a secorxi packing assennbly 
are coupled to a worX string. The work string is nin into 
the finer. A fluid tight seal is created between the first 
packing assarribly and the liner, and a fluid tight seal is 
created between the secorKj packing assembly and the 
finer. Fluid is pumped down the work string to the pres- 
surization assembV- The pressurizatkin assembly and 
fluid are utilized to pressurize an annutus defined by the 
pceseurization assembly, the liner, the first pacMng as- 
•amUy. and the Moond padcing assembly. The pros- 
wire in the annukia Is Increased aoas to deform the Uner 
in a radtaly outward directton. 
PXHI] In a further aspect, the present invention com- 
prises a method of completing a weltxxe. A Bner Is pro- 
vidsd having a firat section and a eecond sectioa The 
first section is def ormable in a radially outward (Erection 
at a lower pressure than the second section. The finer 
is disposed in a weKbore. Apacfcing assembly is coupled 
to a work string, and the woric string is njn Into the liner. 
A fluM tight seal is created between the packing assem- 
bly and the liner. Fhjki is pumped down the worti string 
to pressurize an interior of the liner aner the packing as- 
sembly. The pressure in the interior of the liner is in- 
creased so as to defomi the first section of the liner in 
a radially outward cfirection. 
{0012) Reference is now made to the accompanying 
drawings, in whichi 

F1Q. 1 is a schematk:. cro6s-sectk)naf view of a por- 
tion of a muUtateral well irickjding a junctton be- 
tween the main welbore and a lateral weilbore; 
FIG. 2 is a schematic, cro88-8ectkx>al view of FIG. 
1 showing a portton of the sealing operation per- 
formed during completfen of the lateral welbore; 
FIG. 3 is an enlarged, schematic, cross-sectional, 
fmgmentary view of the junctkm of FIG. 1 showing 
a schematic view of a first embodiment of an appa- 
ratus for completing the Junctton accorcfing to the 
present inventksn; 

FIG. 4 Is an enlarged, schematic, cross-sectional 
view of a first embodiment of a packing assenMy 
of the completion apparatus of FIG. 3; 
FIG. 5 is an enlarged, schematic, cross-eectkxial. 
view of a second embocfiment of a packing assem- 
bly of the completk)n apparatus of FIG. 3; 
FIQ. 6 is an enlarged, schematic, cross-sectional 
viewof a pressurizatkm assembly of the completnn 
apparatus of FIG. 3; 

RG. 7 is an enlarged, schematk:, top sectnnal view 
of an alternative embodiment of a lateral liner used 
in connection with the present inventton; 
FIG. 8 is an enlarged, schematic, cross-sectkxial. 



fragmentary view of the Junction of FIG. 1 showing 
a schemata view of a secorxl emboc&nent of a 
packing assembly and a liner for completing the 
juncton according to the present inventkm; 
5 FIG. gA is an enlarged, schemata, cross-secttonal. 
fragmentary view a first ernbodiment of the liner of 
FIG. 8; 

FIG. SB is an enlarged, schematic, croes-sectkxial. 
fragmentary view of a second embodiment of the 
10 liner of FIG. 8; and 

FIG. 10 is an enlarged, schematc, top sectk>nal 
view of a second alternatrve embodiment of a lateral 
rmer used in corviection with the present invention. 

15 (0013] The preferred eihbodiments of the present in- 
ventton and their advantages are best understood by re- 
ferring to RG8. 1 -1 0 of the drawings, tace nunMrals be- 
ing used for like and corresponding parts of the various 
drawings. In accordance with the present invention, ver- 
se ious apparatus and methods for completing lateral wen- 
bores in a multitBteral «veR aro described. It wiU be ap- 
preciated that the terms 'main' or 'primary* as used 
herein refer to a main well or weilbore. vrtiether the main 
well or weilbore is substantially verticaL substantiatly 

^ horizontal, or in between. It will also be appreciated that 
the tenn nateral' as used herein refers to a daviatton 
well or weilbore from the main weD or welbore. or an- 
other lateral welt or weUbore. whether the deviation is 
substantially vertical, substantially horizontal, or in be- 

90 tween. It Win further be appreciated that the term "verti- 
cal* as used herein refers to a substantially vertical well 
or weltoore. and that the term "horizontal' as used here- 
in refers to a substantiaOy horizontal well or wetboro. 
[0014] In the overall process of driffingmfoomptoting 

9S a lateral weBbore in a multilateral weHttietoWowlngge n - 
eral steps are performed. Rret, the main wefibora Is 
drilled, and the main weilbore casing is installed and ce- 
mented into place. Once the desired kxattkxi for a junc- 
tkyi is Uentified, a window is then created in the main 

4C welbore casing using an orientatk)n devce. a multilat- 
eral packer, a hollow whipstock, and a series of mills. 
Next, the lateral wettbore ie drilled, and a liner is dis- 
posed in ttie lateral welbore and cemented into place. 
A mia is then used to drill through any cement plug at 

45 the top of the holtow whipstock and any portton of the 
lateral welbore liner extending into the main weilbore to 
reestablish a fluM communicating bore through the main 
welbore. Finally, in some lateral wellbores. a window 
bushing is disposed within the main weDbore casing, the 

so holk)w whipstock. and the multilateral packer. The win- 
dow bushing facilitates the navigation of downhole tools 
through the junction between the main welbore and the 
lateral welbore. 

(001 6] The present inventkx) is related to a portkvi d 
55 the above-described process, namely ihe completion of 
the junctkxi between the main welbore and a lateral 
weilbore. However, as descrbed above, certain other 
steps are performed before such a junction may be com- 
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pleted. Referring now to FIG. 1. an exemplaiy junction 
100 between a main wellbore 102 and a lateral welibore 
104 is iOustrated. Main wellboro 102 is drilled using con- 
ventionai techniques. A main weiR)ore casing 106 is in* 
stalled in main welibore 102. and cerr^t 108 is dis- 
posed betvveen main welibore 102 and main wollbore 
casing 106. usir>g conventional techniques. 
[0016] Ashearable work suing having a window bush> 
ing locating profile 110. an orientation nipple 1 1 2. a mul- 
tilateral packer assembly 114. a holk>w whipstock 116. 
and a starter mlD pitot lug (not shown) is nm into main 
weflbore casing 106. Certain portions ol such a wort? 
string are more fully dtsctosed In U.S. Patent Kos. 
5.6US59; 5.566.763; and 5.50i;aBI. The work string 
is toeatedatlhepreper depth andorientatkm within main 
weHbora casing 106 using oonvantional p(pa tally and^ 
or gamma ray sunreys (or depth and measurement whBe 
drilling (M\^)orientatk)n for uimuth. Packer a88efit)ly 
1 1 4 is set against main welbore casing 106 using sl^ 
packing elements, and conventional hydrauOe. mechan- 
ical, or hydrauHc and mechanteal setting technk^. 
[0017] Using techniques more completely described 
in the above^eferenced U.S. Patent Noe. 5.613.559; 
5.566.763; and 5.501.281* whIpstOCk 118 is used to 
gukto wortc strings supporting a variety of tools and 
equipment to drifl and complete lateral welt bore 104. 
First, a series of mills, such as a starter milt, a window 
mill, anda watermelon mill are used to create a window 
120 in main welibore casing 106. Next, a drilling motor 
is used to drill lateral welftxxe 104 from window 120. A 
lateral weBbore finer 122 is then disposed within lateral 
weBbore 104. and sealant 124 is disposed between lat- 
eral welibore 104 and finer 122. 
[OOiq Mors 8pedfk:ally regarding the steps of dis- 
posing and sealing liner 122. liner 122 preferably has a 
generally cyfindrical axiaf bora and a generally cylindri- 
cal external surface. Uner 122 is preferably made from 
steel, steel alkyys. plastk;. or other materials convention- 
ally used for lateral liners. A woric string 128 having a 
tner hanger 1 X. wiper plugs 1 32 and 1 33. and line r 1 22 
is run down main welibore casing 106 until liner 122 is 
deflected by hoBow whipstock 1 1 8. This deftectkin caus- 
es Uner 122 to be disposed in lateral welibore 104 and 
junctksn 100. Uner hanger 1 30 and w^er plugs 1 32 and 
133 remak* disposed above window 120. Uner hanger 
130 is then set against man weDbore casing 106 using 
oonventtonal techniques. 

[0010] Referring to RGS. 1 and 2. cementing of tateral 
weHbore 104may be accompBshed by either one or two- 
stage cementing depending on the length of welibore 
104. Typically, tho length of lateral welbore 104 is such 
that two stage cementing is preferred. In a two-stage 
cementing operatkm. liner 122 is equipped with a stage 
cementing tool 138. Stage cementing tool 138 is initially 
in a llrsi positkm that allows lluki communicatkxi wtthin 
liner 122 past tool 1 38. but does not altow fluki commu- 
nkattkxi from liner 122 into the annulus between Uner 
122 and lateral weltoore 104. A first stage of cement 



124a is pumped down drill string 128 and out a lower 
end 1 36 of Iher 122. First stage of cement 124a is pref- 
erably a conventional cement or conventional hardena- 
ble resin. Next, a conventnnal wiper dart (not shown) is 

5 pumped down drill striig 128 to land at wiper plugs 132 
and 1 33. After landing, applied pressure releases wiper 
plug 1 32 and altows It to be pumped down to, artd seal 
off, tower end 1 36 of liner 1 22. This displacement of wip- 
er plug 132 causes first stage of cement 124a to fk>w 

10 throughout the annulus between liner 122 and lateral 
welibore 104 up to stage cementing tool 138. An in- 
crease in pressure may be observed top hole by corv- 
ventional pressure measuring devk:es upon the landing 
of wiper phig 132 in tower end 136. 

IS |0090] Ccntktued applicatton of pressure moves 
stage cementing tool 1 38 to a second poeitton that pre- 
ventsttuUoQmmunfealion wtMn finer 122 past stage ce- 
menting tool 138. but allows fhiU communicatton from 
liner 122 kite the annulus between finer 122 and lateral 

20 weUbore 104. A eecond stage of sealant 124b Is then 
pumped down driU siring 128 and kito liner 12Z Next, a 
second wiper dart (not shown) is pumped down driO 
string 128 to land at wiper plug m After landbg, ap- 
pfied pressure releases wiper plug 1 33 and afiows it to 

2S be purr^ down to. and seal ofl. finer 122 at Stage ce- 
menting tool 138. This displacement ol wiper plug 133 
causes second stage of sealant 124b to ftow through 
stage cementkig tool 1 38 and kito the annulus between 
laterat weDbore 104, mam weUborecaskig 106. and finer 

30 i22uptoatopportk)n l34of finer 122.poetttonkigseal- 
ant 124b throughout junction 100. Once wiper phig 133 
lands at stage cementkig tool 1 38. conlkiued application 
of pressure moves stage cementing tool 138 to a thiid 
poskton. pfeventk>g further circulatton or backflow of 

35 sealant124b. 

(0021] Sealant 124b is preferably a specialized mul- 
tilateral junction cementittous sealant, or a specialized 
multilateral junctton elaslomeric sealant A preferred ex- 
anple of such a cementittous sealant is M-SEAld soU 

40 by Hafitburton Energy Senricas of Camotfton. Texas. 
Such comentitious sealants are characterized by rela- 
tively tow ductility and high compressive strength, as 
compared to such elastomeric sealants. A preferred ex- 
arr^le of such an elastomeric sealant is FLEX-CEM6 

4S soto by Hafiiburton Energy Senrtoes of Carrottton. Tex- 
as. Such elastomeric sealants are characterized by rel- 
atively high ductflity and tow compressive strength, as 
conpared to such cementittous sealants. Alternatively, 
conventional cement or a conventional hardenable resin 

BO may be used as second stage sealant 1 24b. 

[jXQ2] Ref erringnow to FIG. 3. an enlarged, schemat- 
ic, cross-sectional, view of a completkxi apparatus 200 
according toa first, preferred eihbodlnnent ol the present 
rventton is shown disposed withki junctton 100. Com- 

ss pietton apparatus 200 preferably comprises a hoOow 
mandrel having a tower packing assembly 202. an upper 
packkig assembly 204, and a pressurization assembly 
206. Completton apparatus 200 is preferably coupled to 
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work String 128 abovoasupporting mandrel 140 tor Wip- 
er plugs 1 32 and 1 33, and lower packing assembly 202. 
upper packing assembly 204, and pressurizatk)n as- 
sembly 206 are preferably coupled k> each other by tool 
joints or other conventional means (not shown). Al- 
though not shown in RGS. 1 and 2 tor clarity of mustra- 
ttoaliner122 is preferably formed wtthano-go shoulder 
142 and an annular polished bore receptacle 144 below 
no-go shouktor 142. 

(00231 As shown in FIGS. 3 and 4. tower packing as- 
sembly 202 prtf eiably includes a seal assembly 205. 
and a no^ sleeve 207 for mating with no^o shouklsr 
142ofliner12Z Seal asserrtbly 205 prefeiMy compris- 
es a phirafity ol annular sealirig elements 206. such as 
oonventionato-rings or packing devices, and an annular 
spacer msmber 210. both of wNch ara dispoeod wIMn 
m annular recess 21 2 on the external swtaoe ef tawsr 
packing assembly 202. Sealing etomems 206 fricttonally 
engage poished bore receptacle 144. whk:h Is tocated 
on the inner diameter of mer 122 and generatty sur* 
rounds annular recess 212. Polished bore receptacle 
144 cooperates with annular seaing elements 208 to 
create a flukMlght seal. 

p)024] Anematively. as shown in FIGS. 3 and 5. lower 
packing assembly 202 may comprise a conventional 
packer 220 having slips 222. packing elements 224. and 
actuating means 226. Packer 220 may be hydraulicaRy. 
mechanically, or hydraulicaHy and mechank»lly set via 
actuating means 226 so that packing eientents 224 ae- 
ate a fluid tight seal against Oner 1 22. As shown in FIG. 
5. when conventranal packer 220 is used lor tower pack- 
ing assembly 202. liner 122 may be tomied without no- 
go Bhoutoer 142. 1 desired. 

[0025] Upper packing assembly 204 preferably has a 
substantially similar stnjcture to towsr packing assem- 
bly 202. If seal assen)bfy 205 is utiflzedfor tower packing 
assembly 202. upper packing asserr^ 204 preferably 
utilizes a similar seat assembly that mates with a pol- 
ished bore receptacle tocated on the inner diameter of 
rner 122 below liner hanger 1 X. If packer 220 is used 
for lower packing assembly 202, upper packing assenrv 
bly 204 preferably utilizes a similar packer designed to 
operate within the inner diameter of liner 1 22 proximate 
liner hanger 1 30. However, as shown in FIG. 3, upper 
packing assembly 204 does not require a no^ sleeve. 
|002q Relenlngnoiw to RGS. 3 and 6. an enlarged, 
schematic cross-secttonal view of pressurization as- 
sembly 206 Is ifiustiated. Pressurlzatton assembly 206 
preferably comprises an a tower sub 250. an upper sub 
252 removably coupled to tower sub 250. and a sealing 
sub 254 disposed within tower sub 250. 
[0027] Lower sub 250 preferably includes imemally 
threaded ports 2S6a and 256b that provide a IMd com- 
municating path b^ween an axial bore 25B of tower sub 
250 and an annuhis 1 46 (FIG . 3) defined by an external 
surface 260 of pressurlzatton assembly 206. an mtemal 
surface of liner 122, tower packing asserr^ly 202, and 
upper packing assembly 204. Conventional njpture 



disks 262a md 262b are preferably removably con- 
tained In ports 256a and 2566. respectfveiy. When con- 
tained in ports 256a and 256b, rupture disks 262a and 
262b create a fluid tight seal between the mXenorci pres- 

5 surizatxxi assembly 206 and annulus 1 46. A preferred 
njpture disk for niplure disks 262a and 262b is the disk 
sokJ by Oklahoma Safety Equipment Company (OS- 
EGO) of Broken Arrow. Oklahoma. 
[0Q2S| Althous^ not shown in FIG. 6. other conven- 

10 ttonal fluki bypass devtoes otfier than a rupture disk, 
such as a ban drop circulating valve, an internal pres- 
sure operated circulating valve, or other oonventtonal 
drcutatlng valve may be operatively coupled with ports 
256a and 2S6b. A preferred internal pressure operated 

IB ckcutatingvalvetolhelPOCifculBlingVblvesoklbyHal- 
liburton Eneigy Servicas of Carrottoa Texas. AH o( 
these llukt Ivypase dsvicee. Inckjding njpture cMs 262b 
and 262b. have a first mode of operation that does not 
aQow fluto to flow through ports 2S6a and 256b Into an- 

20 nutus 146. and a second mode of opemtton that aflows 
fiuto to flow tttfoug^ ports 2S6a and 256b Into annulus 
146. 

(0020] Lower sub 250 also preferably includes ports 
264a and 264b. Each of ports 264a and 264b provtoe a 

25 fluM communicating path between the interior of pres- 
surizatkxi assembly 206 and annulus 146. Axial bore 
258 preferably has an annular shouUer 265 and threads 
267 disposed above ports 264a and 264b. 
{003()] Sealing sub 254 preferably includes an annu- 

so tar supporting meniber 266 and an annular, elastomertc 
sleeve 268 coupled to a tower end of supporting mem- 
ber 266. Sleeve 268 is preferably adhesively coupled to 
supporting msmber 266 atong a portion 270 and shoul- 
der 272 of support member 266. When coupled togeth- 

55 er. supporting member 266 and sleeve 268 d^ine an 
axial bore 274 and an external surface 276. External 
surface 276 has an annular recess 278 proximate ports 
264a and 264b; a shouUer 280 for mating with shouUer 
265 of tower sub 250. and an annular stoc 282 above 

40 annular recess 278. An o^ing 284 is disposed in stot 
282 and creates a fluto tigM seal between sealing sub 
254 and tower sub 250. In its undeflected position, as 
shown in FIG. 6. a tower end 286 of sleeve 266 creates 
a fluto tlg^t seal against axial bore 256 of tower sub 250. 

4S [0031] Upper sub 252 preferably Includes an axial 
bore 268, an external surface 290. and a tower end 292. 
External surface 290 preferably includes an arviular 
shoutoer 294 foe mating with tower sub 250. an mular 
skit 296. and threads 298 for removably engaging 

so threads 267 of tower sub 250. An o-ring 300 is disposed 
within annular stot 296 to create a fluki tight eeal be- 
tween tower sub 250 and upper sub 25Z Lower end 292 
abuts support menter 266 ol sealing sub 254. 
[00321 Having described ttw stnieture of oomptotion 

65 apparatus 200. the operatton of completion apparatus 
200 so as tocomplete Junction 100 win nowbe described 
in greater detail Referring to FIGS. 1-6 in oombinatton. 
after wiper phig 133 is landed at and seals off. stage 
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cementing tool 1 38. work string 1 28 pulled above top 
poftion 134 of liner 122. Excesa sealant within work 
string 1 28 and above lop portion 1 34 of liner 1 22 is then 
circulated out of the weD. 

[0033] Next, work string 1 28 is run into liner 1 22 until 
no-go sleeve 207 of tower packing assembly 202 con- 
tacts no-go shoulder 142 of bner 122. At this point, a 
fluid tighl seal is created betwoen seal assembly 205 of 
tower packing assembly 202 and polished bore recep- 
tada 144 of Bner 122. Attematlvely, If packer 220 is uti- 
lized as tower packing assembly 202. packer 220 is s^ 
to create a fluki tig^t seal against liner 1 22. Also at this 
point, a fluU tight seal is created between upper packing 
assembly 204 and liner 122 in a manner substantially 
sknilar to that deecribed Inrvnediately above tor tower 
packtog assembly 2aa NoipBhouUer142 of tiner122 
is positksned wiMn lateial weflbore 104 so that tower 
packing assembly 202 is tocated betow window 120. 
and so that upper packing assenMy 204 is located 
eboae window 120. within Junelton 100. 
[0034] When tower packing assembly 202 and upper 
packing assembly 204 use seal assemblies 205. the 
pressure on the drflling mud. water, or other flukl already 
within annulus 146 will increase as kyumr packing as- 
sembly 202 and upper packing assembly 204 seal 
against liner 122. Before no-go sleeve 207 engages no- 
go shoulder 142. such an increase in pressure. appBed 
across the differential areas of tower packing assenMy 
202 and upper packing assembly 204. may cause a hy- 
draulic lock effect preventing further insertton d work 
strmg 1 28 into Hner 1 22. In addition, when tower packing 
assembly 202 and upper packing assembly 204 use 
conventtonal packers 220. a similar hydraulic tock eflect 
may create problems tor conventtonal packers 220 that 
emptoy a downwaid setting motion. 
[0035] However, such an increase in pressure is re- 
lieved by sealir>g sub 254 of pressurizatton assembly 
206 in the foltowing manner. Due to the increase in pres- 
sure, fluid enters ports 264a and 2S4b to the point where 
it fills annular recess 278. The pressure in annular re- 
cess 278 builds to the point where lower erKl 286 of etas- 
tomerto sleeve 268 temporarily deflects inwardly, un- 
sealing from axial bore 258 of lower sub 250. Such un- 
sealing allows fhJto to flow from annular recess 278 into 
the toterior of pressu rizatton assembly 206. reducing the 
pressure in annutus 146 and eliminating the above^ 
scrtoed hydraulic tock problems. 
[0CJ6J Next, a fluid tight seal is created proximate the 
end of work string 128 betow lower packing assembly 
202. Such a fluid tight seal is preferably fonned using a 
wke-fine ptog. by pumping a plug down work string 1 28. 
orolherconvenltonaltechnkiues. A preferred pkig is the 
X-Lock6 Plug sold by Hallburton Energy Senrtoes of 
Carrolllon. Texas. 

10037] Next, a flukJ such as water or drillmg mud is 
pumped down work string 1 28. Due to the flukl tight seal 
created by the plug at the end work string 128. the pres- 
sure within pressurizatton assembly 206 is increased to 



the point where n;pture disks 262a and 262b rupture. 
The njpturvig of njpture disks 262a and 262b places the 
interior of pressurizatton assembly 206 in fluid commu- 
nication with annutus 146 via ports 256a and 2S6b. Al- 
5 tematively. if a flukl bypass device other than njpture 
disks are utilized, such pressurization causes the flukl 
bypass device to enter its second mode of operatton that 
altows flukl to flow through ports 256a and 256b to an- 
nutus 146. 

10 [0038] Next, the pressure within work string 1 28, and 
thus annuhjs 146. is preferably continuously and grad- 
ually ncreased so as to plastically deform the portion of 
liner 122 between k>wer packing assembly 202 and up- 
per packing assembly 204 radially outward toward win- 
's dow 120. main welbore casing 106. and lateral welbore 
104. It wiD be appreciated that if a cementittous sealant 
or conventtonal cement is used for sealant 1 24 prood- 
mate junctton 100, such deformatton of finer 122 must 
occur before the cententHtous sealant or cement hard- 
20 ens. However, if aielastomeric sealant is used for seal- 
ant 124 proximate Junctton 100. such defonnatton may 
occur before, or after, the elastomenc sealant hardens 
dus to the ductility of the sealant 
|003q Such deformatton of liner 1 22 provtoes slgnlf- 
2S icantadvantagesinthecompletionofjunctton 100. First, 
as Sner 122 is deformed radially outward, sealant 124 
VI the portton of the annulus between liner 122, main 
weltoore casing 106. and lateral weRbore 104 within 
junctton 100 is placed in compresston. Such compres- 
30 sionprovkles a higher pressure rating for junction 100 
during subsequent comptotton or production operattons 
inthemultllatefalwell. 

(004q Second,becausewindow120isdefinedbythe 
kiter8ectk)n of cylindrical mam wellbore casing 106 and 

9S generally cyfindrical lateral welbore 104. window 120 
has a generally ell^ical shape, with a m^or axis gen- 
erally paianel to the tongltudinal axis of main wellbore 
casvig 106. Therefore, the outward deformetkxi of liner 
122 vwrks to ctose the joints or gaps between liner 122 

40 and window 120 present at the top and bottom of win- 
dow 1 20. Such joint ctosure in turn minimizes leak paths, 
and thus leaks, within junctton 100. In situattons where 
the outward deformatton of iiner122 may result in metal 
to metal contact of liner 1 22 and window 1 20. it is prel- 

45 erabto to use a reinforced finer 122 to insure that any 
jagged or sharp edges on window 1 20 do not pieice liner 

122. 

[0041] Third, the outward defomiation ol finer 122 In- 
creases the inner diameter of finer 1 22. This increase in 

so inner diameter results in a larger flow path for petroteum 
from lateral weltoore 104. increasing the productivity of 
the well. This increase in inner diameter also results in 
a larger clearance for downhole tools to enter and exit 
lateral wellbore 104 during subsequent comptotion or 

S5 production operattons. 

[0042] It will be appreciated that after finer 122 has 
been defonned radially outward via hydraufc pressure 
as described hereinabove, a second woric string with a 
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Sizing mandrel may opUonaDy be run down main well- 
bore casing 106 end through junction 100 to insure ad- 
equate defomtation of liner 122. 
[0049] Referring nowto FIG. 7. an enlarged, schemat- 
ic, top sectional view of an attemato lateral liner 122a 
that may be used in connection wHh completion appa- 
ratus 200 is iOustrated. Lateral liner 1 22a is formed with 
a grooved internal surface 500 and a grooved external 
surface 502. Liner 1 22a thus preferably has a cross-sec- 
tion 504 resembling a bellows. The geometry of grooved 
surfaces 500 and 502 facilitate the outward defomiation 
of rner 122a at lower pressures. A lower pressure re- 
quirement for the outward defonnation of Bner 122a in 
turn reduces the risk of faOure of the seals created by 
lower packing assembly 202 and upper paddng assem- 
bly 204. In addition, as compared to a iner with a gen- 
erally cytindrkal cross-saction. Hner 122a provkles a 
larger, expanded outer diameter from a smaller, urxle- 
formed, run in outer diameter. As shown h FIG. 7. 
grooved surfaces 500 and 502 preferably comprise 
grooves having a *sinusokial' crose-eection. However, 
grooved surfaces 500 and 502 may alternatively com- 
prise groovee having a 'saw tooth*, 'square tooth', or 
other cross-sectkxial geometry. In addition, preferably 
only the portion of tirwr 1 22a between lower packing as- 
sembly 202 and upper packrig assembly 204 Is formed 
with grooved external surface 502. and the remainder 
or liner 122a is f6rmed with a generally cylindrical exter- 
nal surface. 

[00441 Ralarring now to FIG. 8, an enlarged, schemat- 
ic, cross-eectibnal. view of a packing assembly 600 and 
a Hner 602 according to a second, preferred embodi- 
ment of the present inventton are shown disposed within 
junction 100. Packing assembly 600 Is preferably cou- 
pled to work string 128 above euppoiting mandrel 140. 
and packing assembly 600 preferably hasasubstantial- 
ty Mentksl structure to upper packing assembly 204 of 
oompletkin apparatus 200. Liner 602 ie preferably com- 
prised of an upper sectbn 604. a tower sectnn 606, and 
a tool Joint or other conventksnal coupling mechanism 
608 coupling upper sectkxt 604 and tower sectkxi 606. 
Alternatively, liner 602 can be machned to have upper 
sectton 604 and tower sectton 606. without the need ftor 
a coupling mechanism 608. 
[0045] If seal assembly 205 Is utilized lor packing as- 
sembly 600. liner 602 prefeii^ inchjdee a poSshed 
bore receptacleSlO tocated on the inner diameter of lin- 
er 602 bekTW finer hanger 1 30. If packer 220 is used for 
packing assembly 600. polished bore receptacle 610 
may be eliminated, if desired. 

[0046] As shovm in FIG. 9A upper sectton 604 and 
tower section 606 are made from the same material or 
casing grade. By way of Ulustratton only, both upper sec- 
tkm 604 and tower sectksn 606 may be made of casing 
grade API N-80, which has a yield strength of approxi- 
matoly 80.000 psi (552 MPa). Upper sectton 604 pref- 
erably has a generally cylindrical axial bore 610 arxi a 
generallycylindrKal external surface 612. Lowersectton 



606 preferably has a generally cylindrical axial bore 614 
a generally cylindrical external surface 616. Howfever. 
upper section 604 has a wan thk:kness 618 smaOer than 
a waO thickness 620 of tower sectton 606. 

s [0047] As shown in FIG. 98, upper section 6043 pref- 
erably has a generally cylindrical axial bore 610a and a 
generally cylindrical external surface 612a Lower sec- 
tion 606a has a generally cylindrical axial bore 614a a 
generally cylindrical external surface 616a. Upper sec- 

10 tion 604a has a wall thfckness 618a substantiailyklen- 
tical to a wan thfekness 620a of tower sectton 606a 
However, upper sectton 604a and tower sectton 606a 
are made from different materiats or casing grades. 
More specifically, upper section 604a is made from a 

IS material or casing grade havtog a tower yieto strength 
than the material or casing grade of tower sectton 606a 
By way of Htostratton only, upper sectton 604a may be 
made from casing grade API K 55, whfch has a ytoto 
strength of approximately 55,000 psi (379 MPa). and 

20 lower sectton 606a may be made of casing grade API . 
N-eo. whtoh has a yieto strength of approximately 
BO.OOO psi (552 MPa). 

[00401 In RG. 9A, upper section 604 may also be 
made from a casing grade haying a tower yieU strength 

2S that the casing grade used to make tower section 606. 
Although not shown in FIG. 9B, upper sectton 604a may 
also be formed with a smaller wall thickness 61 8a than 
wall thickness 620a of tower section 606a. 
[0049] It is befieved that by varying the waflthckness 

30 and^or casing grade Of Upper section 604 relative to the 
wall thickness and/br casing grade of tower section 606, 
as descrbed hereinabove, the design of liner 602may 
be optimized so that for a given internal pressure, upper 
sectton 604 plasttoafly deforms to a radially outward dl- 

9S roctton. and tower sectton 606 does not e9(hibft substan- 
tial radial defomialton. 

[0050] Having described the stnjcture ol packing as- 
sembly 600 and liner 602. the operatton of these appa- 
ratus so as to complete junction 100 will now be de- 

40 scribed in greater detail Referring to FIGS. 1 . 2. 4. 5. 8. 
9A. and 98 to combmatton, after wiper plug 1 33 is land- 
ed tf, and seals off, etage cementing tool 13a work 
string 1 28 is pultod above tap portton 1 34 of Hner 602. 
Excess sealani withto work string 128 end above lop 

4S portton 134 of liner 602 is then circulated out of the wen. 
[0061] Next, worfc string 128 Is nmtoto finer 602 untB 
seal assembly 205 of pactong assembly 600 creates a 
fhJto tight seal against poDshed bore receptada 610 of 
liner 602. An increase to pressure may be obsenred top 

80 hote by conventional pressure measuring devices 
seat assen«)ly 205 is property seated against polished 
bore receptacto 610. Mematively, if packer 220 is uti- 
hzed as packtog assembly 600. packer 220 '» set to cre- 
ate a fhito tigm seal against liner 602 betow finer hanger 

SS 130. 

[0052] Next, a fluto such as water or drifiing mud is 
pumped down woric string 128. Duetotheflutotigjhtseal 
created by packing assenr^ly 60O against liner 602. flukJ 
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evemually fUts all of Bner 602 botow packing assembly 
GOO down to wiper plug 133 eealed in stage cementing 
tooll 38. The pressure within wofk string 1 28. and thus 
liner 602. is preterabV continuously and giadualty in- 
creased so as to plastically deform upper section 604 
radially outward toward window 1 20. the portion of main 
wedbore casing 1 06 proximate window 1 20. and the por- 
tion of lateml wellbore 104 proximale window 120. As 
the deformation of upper section 604 occurs, lower sec- 
tion 606 preferably does not exhibit substantial radial 
deformation. 

[0053] Such defomrwtion of upper section 604 pro- 
vides substantially the same, significant advantages in 
the completion of junction 100 as described herein- 
above for completion apparatus 200. Inaddttion. upper 
section 604 may be formed with an external suffaoe 61 2 
simitatf 10 grooMd external surface 502 of na 7, de- 
sired. 

[00S4] Referring now to FIG. 10, an enlarged, sche- 
matic, top sectional view of an alemate lateral liner 700 
that may be used in connection with completion appa- 
ratus 200, or in the upper section 604 of liner 602. is 
ittustrated. Uner 700 has an Interior cross-section 702 
made from steel, steel alloys, plastic, or other generally 
non-elastomeric materials conventionally used for later- 
al liners. Interior cross-eection 702 has an axial bore 
704. Lher 700 further has an exterior cross-eection 706 
made from nibber or another conventional elaslomeric 
material When finer 700 is surrounded by sealant 124 
and piasticaJly defonned as described hereinabove, ex- 
terior cross-section 706 insures an adequate seal of 
junction 100. Alternatively, liner 700 may be plastically 
deformed as de8crft>ed hereinabove but without the use 
of sealant 124 in certain completions. In such comple- 
lions, exterior cross-eection 706 Iself seals against win- 
dow 120. maki weHbore casing 106. and lateral wellbore 
104. 

[OOSSl From the above, one skilled in the art will ap- 
preciate that the present invention provides improved 
apparatus arxl melhods for completing weilbores. The 
present invention provktos such improved completkxi 
without inhbiting the amount or rate of weU production, 
or substmtiatly increasing the ooet or complexity of the 
completion of the weUbore. Signifkantly. the present m- 
venlion allows the operations of aiming a lateral liner, 
sealkig a lateral liner, and p(astk»dly defornrung a lateral 
imer to be accomplished in a single downhole trip. The 
apparatus and melhods of the present inventkxt are 
ecofwmicaltomanufacture and use inavariety of down- 
hole applicauons. 

[0066] The present inventkxi is iRustrated herein by 
example, and various modincatkins may be made by a 
person of ordinary skiO in the art. For example, numer- 
ous geometriee ancVor relative dimenskxis oouU be al- 
tered to accommodate specific applfeatkms of the 
present inventkxi. As another example, atthou^ the 
present invention has been described in connectkNi with 
the completkxi of a junction between a main wellbore 



arxf a lateral welt)ore in a multilateral well, it is tuOy ap- 
pficable to the oorr^etton of a junction between a lateral 
welftxxe and a second lateral welbore extending from 
the lateral weDbore. to completkyi operatkxis performed 
5 in other portksns of a lateral welB)ord other than such a 
junctkxi. to completkxi operattons periomfied in other 
portions of a main welbore. to casing repair operatioris. 
or to window closures. 

{0057] It Is thus believed that the operation and con- 
10 struction of the present inventkxi will be apparent from 
the foregoing descr^km. While the method and appa- 
ratus shown or described has been characterized as be- 
iig preferred it wOl be obvtous that various changes and 
modfficattans may be made. 

15 

Clalme 

1. Aoon^letionapparatuslorcoupllngtoaworiKString 
20 (128) and for use withki a Uner (122) of a wellbore, 

conpriskig: a first packing assembly (202) fcsr cre- 
ating a fkJkf tight seal against the Kner (122); a sec- 
ond packing assembly (204) for creating a second 
Hub tight seal against the liner (122); and a pros- 
es surizatkxY assembly (206) disposed between the 
first and second packing assemblies (202,204). 

2. A completkxi apparatus according to daim 1. 
wheren the pressurizatkxi asseo^ly (206) com* 

90 prises a port (256a,256b) opening to an annulus 
(146) defined by the pressurization assembly (206), 
the liner (122). the first packing assembly (202), and 
the second packing assembly (204). 

35 X A completion apparatus according to daim 2. fur- 
ther comprising a fluM bypass devk» operativety 
coupled with the port (256a.256b) for not aflowing 
fluW ocmmuncatton wHh the annulus (1 46) in a first 
mode of operatnn. and for alk>wing hydraulic pres- 

40 surizatnn of the annulus (1 46) in a second mode of 
operation. 

4. A completion apparatus according to daim 3, 
wherein the pressurizatkxi assembly (206) com- 
45 prises a second port (264a,264b)anda sealing sub 
(254) operativety coupled with the second port 
(264a,264b) lor relieving pressure ki lt>e annulus 
(146) when the first and second packkigassenwiies 
(202,204) are seated agakist the Oner (122). 

50 

6. A completkm apparatus according to claim 3 or 4. 
wherein the hydraulic pressurizatkxi of the annulus 
(146) causes a portion of the finer (122) between 
the first packing assembly (202) and the second 
55 pacMhg assembly (204) to deform ha radtally out- 
ward directkm. 

6. A completkxi apparatus according to claim 3, 4 or 
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5. Wherein iha fluid bypass device comprises a rup- 
ture diefc(262a.262b). 

7. A completion apparatus acoofding to any prececSng 
daim, wherein the Kner (1 22) is adapted to be die- s 
posed within a Junction (100) between a main well- 
bore (102) and a lateral wellbore (104) in a multltat- 
eral well. 



15. A mrthod according to claim 13 or 14. wherein the 
firet and second pacUng assenrtbties (202.204) 
corrprise seal assemblies that mate with polished 
bofB receptacles (144) located in the finer (122). 

16. A method according to daim 13, 14 or 15. wherein 
the first and second packing assemblies (202.204) 
comprise paclcers. 



a A completion apparatus aoooiding to any preceding 
claim, wherein the first and second packing assem- 
blies (202.204) comprise seat assemblies that mate 
with polished bore receptacles (144) kacaled in the 
liner (122). 

0. Acompletnnapparatusaococdingloanyprececing 
claim, wherein the first and second pacUng assem- 
blies (202.204) comprise packers. 

ia A completkin apparatus accofding to any preceding 
daim. wherein at least a portkm of the liner (122) 
has grooved internal smd external surtaces. 

11. A corr^letkxi apparatus according to any preceding 
claim, wherein at least a portk)n of the liner (122) 
has an interk)r croes-section made from a generally 
non-etastomeric material, and an exterk>r cross- 
sectton made from a generally efastomeric material. 

12. A con^iietion apparatus accofding to any preceding 
daim, wherein the wellbore is a lateral wellbore 
(104). 

13. A method d completing a weDbore. comprising the 
Steps d: cfispoeing a finer (122) in a welbore; cou- 
pling a first packing assentbly (202). a pressurize- 
tkxi assembly (206), and a second packing assem- 
bly (204) to a wori( string (126); njnning the work 
string (128) into the liner (122); creating a flukl tight 
seat between the first packing assembly (202) and 
the liner (122); creating a flukJ tight seal between 
the secortd packing assembly (204) and the finer 
(122): pufvping fluki down the wortc string to the 
pressuriiation assembly (206); utilizing the pres- 
surizallon assembly (206) and the fluid to pressu- 
rize an annulue (146) defined by the pressurizatkxi 
assembly (206). the finer (1 22). the fiist packing as- 
sembly (202), and the eecond packing assembly 
(204): and increasing a pressure in the annulus 
(146) so as to deform the finer (122) in a radially 
outward diredion. 

14. A method according to daim 13. wherein the utifiz- 
ing step comprises actuating a fluki bypass device 
in the pressurizatton assembly (206) to provkto a 
fluid communicating path between an interior d the 
pressurizaton assembly (206) and the annuhis 
(146). 



10 17. A method according to daim 13, 14. 15 or 16. 
wherein at least a portton d the finer (122) has 
grooved intemat and external eurtaces. 

ia Amethodaccor(fingtoanyonedclBims13to17. 
IS further comprisktg the step of flukfiy sealing the 
wortc string (128) proKimats the first pocking assem- 
bly (202). 

19. A method acconfing to any one d claims 13 to 16. 
20 wherefii the step d (fisposing the finer (122) com- 
prises: coupling the finer (122) to an endd the woric 
suing (128); and ninning the woric string (128) into 
thewelttx)re. 

25 20. A method according to daim 1 9. further comprising 
the step d disposing a sealant (124) in a second 
annukis defined by the liner (122) and the wellbore. 

21. A method according to daim 20 wherein the step d 
90 disposing sealant (1 24) comprises pumping sealant 

through the woric string (128). the second packing 
assembly (204). the pressurizatkxi assembly (206). 
the first packing assembly (202). and the liner (1 22). 
and Into the second annuhis. 

3$ 

22. Amethodaccordngtoanyoneddalms13to21. 
wherein at least a portkx^ d the finer (122) has an 
interior croes-sedion made from a generally non- 
etastomerlc material, and an exterior croes-eedton 

49 made from a generally elastonteric material. 

23. A method according to any one d claims 13 to 22. 
wherein the disposing step comprises disposing the 
finer (122) in a Junction (100) between a main well- 

45 bore (102) and a lateral weltoore (104). 

24. A method according to daim 23, Wherein the tun- 
ning step comprises running the wortc string (128) 
into the liner (122) until the first packing assembly 

BO (202) is disposed after the junctkm (100) and fbo 
second packing assembly (204) Is disposed belbre 
the junction (100). 

25. A method d completing a wefibore. comprising the 
S5 steps d. disposing a liner (602) in a wdtxvo. the 

finer (602) having a first sedion (604) and a second 
sectkm (606), the first sedton (604) being deform- 
able in a radially outward dirednn at a tower pres- 
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fture than the second section (606): couplrtg a 
packing assembly (600) to a work string (1 28): run- 
ning the work string (128) Into the Iner (128): cre- 
ating a fluid tight seal between the packing assem- 
bly and the liner (602): pumping tluW down the work 
string (128) to pressurize an interior ot the liner 
(602) after the packing assembly (GOO): and in- 
creasing a pressure in the interior of the liner (602) 
so as to deform the first sectkm (604) of the liner 
(602) in a radially outward direction. 

26. A method according to daim 25. wherein the first 
section (604) and the second section (604) are 
made from an identical casing grade, and the first 
section (604) has a smaBer wall thickness than the 

27. A method aooordkig to claim 25. wherein the first 
sectton and the second sectksn (604,606) have an 
klentical wall thickness, the Urst sectton (604) is 
made framafifst casing grade, andthe second seo- 
tton (606) Is made from a second casing grade hav- 
ing a yiekj strength higher than the first casing 
grade. 

2& A method according to claim 25. wherein: the first 
sectkm (604) is made from a first casing grade and 
has a first watt thk:kness: and the second sectkm 
(606) is made from a second caskig grade having 
a higher yiekl strength than the first casing grade, 
and the second section (606) has a second wall 
thckness greater than the first waU thk:knes8. 

2«. A meftod according to any one of claims 25 to 28. 
wherein the packing assembly (600) comprises a 
seal assembly that mates with a polished bore re- 
ceptacle (610) kx»ted in the liner (600). 

3a A method according to any one of claims 25 to 29. 
wherein the packing assembly (602) comprises a 
packer. 

31. A method according to any one of ciaims 25 to 30. 
wherein at least a portwn of the first sectton (604) 
of the liner (602) has grooved internal and external 
surfaces. 

32. A method according to any one of claims 25 to 31. 
¥vherBin the step of disposing the liner (602) com- 
prises: coupling the liner (602) to an end of the work 
string (128): and ntftning the work string (128) Into 
the weUbore. 

33. A method according to any one of claims 25 to 32. 
further comprising the step of disposing a sealant 
(124) in an annulus defined by the liner (602) and 
the weUbore. 



34. A method according to claim 33, wherein the step 
ol disposing sealant ( 1 24) comprises pumping seal- 
ant through the woric siring (128). the packing as- 
sembly (600). and the liner (602). and into the an- 

5 nukis. 

35. A method according to any one of claims 25 to 34, 
wherein the first section (604) has an interior cross- 
section made from a generally non-elastomeric ma- 

10 (erial, and an exterior cross-sectksn made from a 
generally eiastomeric material 

36. Amethodaccortfingtoanyoneolclaims25to35. 
wherein the disposing step comprises cfispoeiig the 

ts finer (602) in a j/and^ (102) betvireen a nnain well- 
bore (102) and a lateral weSbore (104) so that the 
first sectton (604) extends throughout the iunctton 
(100). 

20 37. A method according to Claim 36. Wherein the run- 
ning step comprises running the woric string (128) 
Into the liner (602) until the packing assembly (600) 
is disposed before the junction (600). 
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